series of "road maps" being assembled will lay out the long-term direction of science and be completed in time to influence the 2007 budget submission this fall.
As he settles into his ninth-floor offices overlooking the Potomac River in downtown Washington, D.C., Griffin must decide how to balance the fiercely competing needs of the traditional space-flight program, the president's new vision, and science involving more than the moon or Mars. The agency's present course, Schwadron predicts, could eventually force a third or more of the people in solar and space physics out of the field. Astrophysicists, biologists, astronomers, and earth scientists express similar concerns. And younger researchers eager for a stable future are getting skittish.
Scott MacIntosh, a solar physics postdoc at the Southwest Research Institute, can't ignore rumors that the guest investigator program that funds his work may disappear. "I have a background in medical imaging, so I might try to do more cross-disciplinary work," he says. And MacIntosh is in no position to gamble about his future: "I've got a young kid and another on the way." NASA's ability to cultivate a new and diverse generation of space scientists like MacIntosh and Yamauchi may hinge on whether Griffin has the right stuff to execute a difficult balancing act.
-ANDREW LAWLER
The 1800-kilometer California coastline supports a spectacular diversity of marine life. So does a sea floor that plunges just offshore to nearly 2600 meters, with sea-grass beds and kelp forests giving way to submarine canyons and deep rock reefs. Add in seasonal winds and complex ocean currents that churn up nutrients for thousands of species from sharks and tuna to squid and rockfish, and the result is an incredibly rich ecosystem-and one of the most productive fisheries in the nation. Can the two coexist? Those working on a new state effort to create a network of marine protected areas (MPAs) hope that the answer is yes. But it won't be easy.
Once upon a time, the bounty of the sea accommodated both fishers and conservationists. But over the past 2 decades, fish catches have fallen by more than half. An MPA network would set aside part of the ocean to prevent the total degradation of this habitat, foster marine diversity-and perhaps maintain a sustainable fishing industry. The vision is grand. Not only would the network be the largest such system in the nation, but its success "would be a wonderful model" for a national system, says Jane Lubchenco, a marine ecologist at Oregon State University in Corvallis. And last week the group reached its first major agreement: choosing the location of a pilot project.
Location, location
California set up its first MPA in 1957, a 35-hectare area near La Jolla in San Diego county. Since then, 104 areas have been added in a piecemeal and uncoordinated fashion. Despite this effort, MPAs cover less than 0.3% of state waters-not enough to make a difference in helping fisheries recover, scientists say. And none of the reserves protects species or habitats in deeper water.
In 1999, California tried to address the problem with the Marine Life Protection Act
California Tries to Connect Its Scattered Marine Reserves
Researchers hope that new funds, better management plans, and the latest science will help them establish the largest network of marine protected areas in the U.S.
Ecosystem Management
Hooked? Fishers are worried about the economic impact of new reserves but are playing along for now.
(MLPA). One of the law's requirements is to create a network of MPAs along the state's coastline. But a 2002 attempt by the state department of fish and game and outside scientists encountered stiff resistance from commercial and recreational fishers, who objected to the size and area of the proposed MPAs and the fact that they had been largely excluded from the process. One year later an expanded task force tried again, but it ran out of funding before finishing its work.
Last year state officials tapped into a group of foundations led by the Resources Legacy Fund Foundation (RLFF). RLFF is providing most of the $9 million of funding for the new effort-enough to get a first collection of MPAs set up. Its 19-member science advisory team-appointed by an MLPA task force-is chaired by Stephen Barrager of Stanford University and includes fishers and others.
The group's first challenge was to outline the steps to pick locations for reserves, design their boundaries, and specify how they should be monitored. The guiding principle was that reserves will be more effective as a network rather than isolated, an idea espoused by a 2001 report by the National Academy of Sciences. A network takes into account the movements of adult and larval fish, allowing fish to travel from one reserve to another.
The California plan calls for locating MPAs based on how fish species migrate and how far their larvae disperse. Scientists are learning those patterns in several ways, such as by tracking larvae and analyzing their DNA from various locations. Other experts such as Mark Carr, a marine biologist at the University of California, Santa Cruz, are conducting tagging studies and analyzing fish otoliths to track the movements of adult fish. His data suggest that the ranges of many rocky reef fishes are less than 5 km. But other fish are known to swim about 10 km a day-implying that the reserves ought to extend into federal waters.
The plan breaks new ground with its emphasis on deeper-water habitat. It would protect five types of habitat-including submarine canyons and deep rock reefs-at four depth zones. "Many fish use kelp forests as nursery, move deeper as they grow, and return to shallow water for spawning," says Carr.
The ultimate shape of the MPA will be determined using bathymetric data, maps of nutrient upwellings, and information on the variety and abundance of species in a habitat. Although previous reserves were irregularly shaped, the plan calls for new ones to follow lines of latitude and longitudemaking it easier for fishers to avoid them and enforcement officers to scout for violators. There's no guarantee of sufficient funding for officers and equipment, however. As for monitoring, state fish and game scientists should evaluate MPAs by regularly checking species abundance, habitat quality, and other biological indicators. Last week, the task force chose a 300-km stretch of the central coast region, roughly from northern Monterey Bay to Santa Barbara, as its first region of study. Existing MPAs within the boundary will be evaluated and weighed in conjunction with any proposed new sites. The first network could be operational by March 2006.
Rough seas
Although participants say the process has been smooth sailing to this point, they expect the political seas to become more choppy when it comes time to decide the exact location and size of the MPAs. At stake is an estimated $1.4 billion sport and commercial fishing industry, an industry already besieged with dwindling fish stocks, decreasing catches, and increasing regulations. Despite being included, commercial and recreational fishers still worry that large chunks of the ocean could be marked off-limits, says Thomas Raftican, president of the United Anglers of Southern California in Huntington Beach. Indeed, Carr's analysis suggests the need for reserves significantly wider than the 1 km that is now typical.
One of the most politically contentious and unresolved problems is striking a balance between areas where fishers have quotas and those from which they are banned. Although protecting 20% has become a commonly cited target, some experts suggest that more than 35% of the areas should be no-take zones, citing successful practices in the Great Barrier Reef. Carr hopes to defuse the issue by noting that the size and shape of each MPA will depend on the species, the habitat, and the conservation objectives of both the individual MPAs and the entire network.
Another major worry is whether the MPAs will boost stocks outside the reserve sufficiently to benefit fishers and win their support. Lubchenco says this "spillover" is likely in California, pointing to increased fish catches outside the Great Barrier Reef and the Florida Keys National Marine Sanctuary. According to Steven Berkeley, a research biologist with the Long Marine Lab at the University of California, Santa Cruz, reserves lead to older and fatter fish, which sustain fish populations by producing more hardy larvae. Early results from a network of 12 MPAs set up in 2003 in the Channel Islands suggest that fish populations outside the reserve are indeed on the rise. But others are skeptical. "There simply are no benefits to commercial fisheries," contends Raymond Hilborn, a fisheries management expert at the University of Washington, Seattle.
Despite these uncertainties, almost everybody agrees that MPAs have the potential to be an important tool in marine conservation and fishery management. "They could act as a buffer or insurance against overfishing or a natural disaster," says Peter Sale, a tropical marine ecologist at the University of Windsor, Canada. People also agree that plowing full steam ahead is the only logical next step.
